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(57) ABSTRACT

An optical signal recerver including a plurality of threshold
decision circuits configured to receive an electrical signal
representative ol the optical signal. Each of the threshold
decision circuits 1s configured to sample the electrical signal
and to provide an associated threshold decision circuit
output 1n response to a comparison of the signal to an
associated threshold level. The threshold decision circuit
outputs are coupled to an output decision circuit, which 1s
configured to output a signal representative of a binary state
of the optical signal. An optical communication system and
a method of reconstructing recerved data signal 1n an optical
communication system are also provided.
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MULTIPLE DETECTOR DECISION
RECEIVER

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s related to commonly assigned

application Ser. No. 10/127.,741, filed Apr. 22, 2002, the
teachings of which are incorporated herein by reference.

FIELD OF THE INVENTION

This i1nvention relates to receivers for communication
systems, and, 1 particular, to a system and method for
improving the quality of received signals through use of
multiple decisions.

BACKGROUND OF THE INVENTION

Reliable optical communication systems require mecha-
nisms for mimimizing the eflects of signal degradation
occurring between associated transmitters and receivers.
Signal degradation occurs due to a variety of factors that
cannot be completely eliminated, and 1s exacerbated by the
long transmission distances and high optical channel counts
required in many applications. Due to signal degradation,
some transmitted data may be incorrectly interpreted at a
receiver. IT data 1s misinterpreted at a rate above that which
1s acceptable, the eflicacy and viability of the system may be
lost.

A widely used measure of system performance 1s the
system bit error rate (BER). The BER for a system 1s the
ratio of the number of incorrectly received bits to the total
number of received bits. For example, 1n a system having a
BER of 1077, one bit is misread out of every one billion bits
received.

System performance may also be described 1n terms of the
parameter Q. The Q value of a system 1ndicates the signal-
to-noise ratio of the electric signal regenerated by the
receiver. Generally, when the signal to noise ratio or Q)
decreases, the bit error rate increases and vice versa. The
specific relationship between the system Q value and BER
depends on the particulars of the communication system.
Typically, however, the BER rate improves exponentially
with improvements 1 Q values above 10 dB.

In an eflort to achieve acceptable system BER and Q,
various advances 1n signal receiver configurations have been
proposed. Typically, a recetver includes a single threshold
decision circuit. The decision threshold circuit may, for
example, include a comparator for comparing the received
data signal with a predetermined voltage level (the decision
threshold) at a predetermined time interval. If the voltage
level of the recerved data signal i1s above the decision
threshold at a particular sample time, the comparator may
output a digital one. If, however, the voltage level of the
received data signal 1s below the decision threshold, the
comparator may output a digital zero.

The BER for a system including such a receiver 1is
mimmized by optimally setting the signal sampling time and
threshold level. Unfortunately, however, even moderate
amounts of signal distortion can limit the BER achievable by
such recervers. These limitations are mcompatible with the
increase in data rates demanded by the ever-increasing
capacity of optical networks.

Accordingly, there 1s a need for a signal recerver that
overcomes the deficiencies of the prior art in providing
reliable detection of a received data signal.

10

15

20

25

30

35

40

45

50

55

60

65

2
SUMMARY OF THE INVENTION

An optical signal receiver consistent with the present
invention includes a plurality of threshold decision circuits
configured to receive an electrical signal representative of an
optical signal. Each of the threshold decision circuits is
configured to sample the electrical signal and provide an
associated threshold decision circuit output 1n response to a
comparison of the signal to an associated threshold level.
The threshold decision circuit outputs are coupled to an
output decision circuit, which 1s configured to output a
signal representative of a binary state of the optical signal.

In one embodiment, an optical signal receiver consistent
with the mvention includes a plurality of threshold decision
circuits configured to receive an electrical signal represen-
tative of the optical signal. Each of the threshold decision
circuits 1s configured to sample the electrical signal at a
different associated sample time and to provide an associ-
ated threshold decision circuit output in response to a
comparison of the signal to an associated threshold level.
The threshold decision circuit outputs are coupled to an
output decision circuit, e.g. an OR gate, configured to output
a digital one 11 at least one of the threshold decision circuit
outputs 1s a digital one.

In another embodiment, the output decision circuit 1s
configured to apply a selected logic function based on the
associated threshold decision circuit outputs from each of
the threshold decision circuits. An optical communication
system consistent with the mmvention includes a transmaitter
for transmitting an optical signal on an optical information
channel and a receiver consistent with the invention for
receiving the optical signal.

A method of reconstructing a recerved data signal 1n an
optical communication system includes: sampling the data
signal at sample times; providing a threshold decision output
associated with each of said sample times 1n response to a
comparison of said data signal with an associated threshold
level; and coupling each said threshold decision output to an
output decision circuit configured to output a signal repre-
sentative ol a binary state of the data signal.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
together with other objects, features and advantages, refer-
ence should be made to the following detailed description
which should be read in conjunction with the following
figures wherein like numerals represent like parts:

FIG. 1 1s a block diagram of an exemplary optical
communication system consistent with the present mnven-
tion;

FIG. 2 1s a block diagram of an exemplary embodiment of
a multiple detector decision receirver consistent with the
present 1nvention;

FIG. 3 1s an eye diagram illustrating timing jitter in an
exemplary data signal received by a receiver consistent with
the invention;

FIG. 4 1s a plot of QQ value vs. time for various decision
circuits 1n a recerver consistent with the invention, when the
receiver receives the data signal illustrated 1n FIG. 3;

FIG. 5 1s a block diagram of another exemplary embodi-
ment of a multiple detector decision receiver consistent with
the invention including an output decision circuit configured
to apply a select logic function based on associated threshold
decision circuit or detector outputs;

FIG. 6 1s an exemplary plot of a received data signal
Tering from degradation and an exemplary placement of
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seven detectors or decision circuits within a bit time period
consistent with the invention;
FIG. 7 1s a flow chart 1llustrating operation of an exem-
plary controller in the embodiment illustrated 1n FIG. 5; and
FIG. 8 1s a simplified flow chart of the operations of an
exemplary controller.

DETAILED DESCRIPTION

With reference to FIG. 1, there 1s 1llustrated an exemplary
optical communication system 100 including a receiver 103
consistent with the present invention. Those skilled in the art
will recognize that the system 100 has been depicted as a
highly simplified point-to-point system form for ease of
explanation. It 1s to be understood that a receiver consistent
with the invention may be incorporated into a wide variety
ol network components and configurations.

The optical communication system 100 icludes a trans-
mitter 101, an optical information channel 102, and a
receiver 103. At the transmitter 101, data may be modulated
on an optical wavelength for transmission over the optical
information channel 102. The optical information channel
102 may include an optical fiber waveguide, optical ampli-
fiers, optical filters, dispersion compensating modules, and
other active and passive components. As an optical signal
travels across the optical information channel 102, distor-
tions including pulse spreading and timing jitter may be
introduced.

Advantageously, a receiver consistent with the imnvention
mimmizes the effects of signal distortion 1n a recerved signal
by making more than one decision to capture the peaks of
various pulses 1n the presence of, for example, timing jitter.
An exemplary embodiment of a receiver 103 consistent with
the invention 1s 1llustrated in FIG. 2. Although the 1llustrated
receiver includes particular components in a particular con-
figuration, those skilled in the art will recognize that the
principles of the present invention may be achueved through
use ol other components and configurations. It 1s to be
understood, theretfore, that the embodiment illustrated herein
1s provided only by way of explanation, not of limitation.

The exemplary embodiment 1llustrated 1n FIG. 2 includes
a light detector 201, e.g. a photodiode, which, 1n a known
manner, converts recerved optical signals into associated
clectrical signals. The electrical signals may be coupled, e.g.
through an amplifier 202 and filter 203, to a multiple time
decision circuit 200. The multiple time decision circuit 200
includes a plurality of decision circuits 206-1, 206-2,
206-3 . .. 206-n, each of which are coupled for recerving the
clectrical signal at an associated input, 1.e. 212-1, 212-2,
212-3 . .. 212-n, respectively.

Each decision circuit includes an associated adjustable
delay element 207-1, 207-2, 207-3 . . . 207-n, ¢.g. parallel
connected capacitors, for imparting an associated adjustable
delay to the electrical signal received at its mput, and an
associated comparator circuit 208-1, 208-2, 208-3 . . . 208-%.
Those skilled 1n the art will recognize a wide variety of
configurations for the delay elements and comparator cir-
cuits. Moreover, although the illustrated embodiment
includes more than three decision circuits, it 1s to be under-
stood that a receirver consistent with the invention may
include two or more decision circuits, depending on the
characteristics of the communication system, without
departing from the scope of the present invention.

In general, each decision circuit samples the recerved
signal at a distinct time determined by the delay imparted by
an associated delay element, and compares the received
signal with an associated threshold level. If the received
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signal 1s above the threshold level at the associated sample
time, the decision circuit outputs a digital one. If the
received signal 1s below the threshold at the associated
sample time, the decision circuit outputs a digital zero.

In the 1llustrated exemplary embodiment, the output 214-
1, 214-2, 214-3 . . . 214-» of each decision circuit 206-1,
206-2, 206-3, . . . 206-7 1s coupled to an associated mput of
an output decision circuit 220. In one embodiment, the
output decision circuit 220 may function as an OR gate. That
1s, 1f any of the mputs to the output decision circuit 220 are
at a digital one level, the output of the output decision circuit
will be a digital one. Otherwise the output of the output
decision circuit 220 1s a digital zero. In this manner, the
received optical signal 1s reconstructed as an electrical signal
at the output 222 of the output decision circuit 220. Those
skilled 1n the art will recognize that OR-type functionality 1n
the output decision circuit 220 may be achieved by a variety
of configurations ¢.g., by a simple OR gate, cascaded OR
gates, or the like.

Advantageously, the effects of distortion such as timing
ntter 1n the recerved signal may be minimized by approprate
selection of the delay times and the threshold levels for the
decision circuits. FIGS. 3 and 4 illustrate an exemplary
process for setting delay times and threshold levels of the
decision circuits, and the associated improvement 1n
receiver performance. In particular, FIG. 3 illustrates an
exemplary eye diagram 300 for the middle channel of three
channels for a 5000 km link with single mode fiber (SMF)
and dispersion slope compensation (DSCF) fibers at a data
rate of 10 Gb/s/channel (period T of 100 psec). FIG. 4
illustrates exemplary plots of the Q value vs. decision time
associated with a receiver consistent with the invention for
receiving the signal illustrated mn FIG. 4 and having three
decision circuits, circuits 206-1, 206-2, and 206-3.

It 1s well known that an eye diagram for a data signal may
be observed on an oscilloscope by monitoring the data signal
voltage on the vertical mput of the oscilloscope and trig-
gering on the data clock. The eye diagram 1s open or closed
to an extent determined by signal degradation. An open eye
diagram represents less signal degradation. Conversely, a
closed eye diagram represents more signal degradation.
Those skilled 1n the art will recognize that the eye diagram
300 of FIG. 3 1s associated with a signal exhibiting a
relatively large amount of timing jitter.

In an exemplary method of adjusting the delay times and
thresholds of the decision circuits, all decision circuits
except for the first decision circuit 206-1 may initially be
turned off. The delay or sample time t, for the first delay
component 207-1 and the threshold level th, for the first
comparator circuit 208-1 may be set to correspond to a point
centered 1n the eye diagram. Plot 401 in FIG. 4 illustrates the
resulting Q value vs. decision time for the first decision
circuit 206-1. For the input data signal illustrated in the eye
diagram of FIG. 3, and assuming an optical signal to noise
ratio of 10 dB 1in the 50 GHz bandwidth, a maximum
obtainable (Q value of about 14.38 dB occurs at a first delay
time t; ol 47 psec. Thus, assuming the uncertainty of
decision timing 1s about 5 psec, an average maximum
obtainable QQ value may be about 14 dB with a single time
decision receiver employing one decision circuit 206-1.

A second decision circuit 206-2 may be then turned on
with the timing of the first decision circuit 206-1 at its delay
time t,. The threshold may be set to the same threshold as
that for the first decision circuit, and the delay time for the
second decision circuit 206-2 may be increased to times
greater than t;, until a maximum Q value 1s obtained. Some
of the pulses, 1.e. “ones” that would not be decoded correctly
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by the first decision circuit 206-1, will now be decoded by
the second decision circuit 206-2.

Plot 402 i FIG. 4 1illustrates the resulting Q value vs.
second decision circuit decision time t, when the first
decision circuit 206-1 1s used in combination with the
second decision circuit 206-1. The resulting Q value 1n this
instance accounts for those pulses that have a higher chance
of being decoded correctly at second decision circuit 206-2
than at the first decision circuit 206-1. Such pulses would
have a voltage level at the timing of the second decision
circuit that 1s higher than 1ts voltage level at the timing of the
first decision circuit. The maximum Q value shown 1n plot
402 1s 16.31 dB and occurs a second delay time t, of about
64 psec.

Similarly, plot 403 1 FIG. 4 illustrates the resulting
value vs. third decision circuit delay time t; when the third
decision circuit 206-3 1s turned on with the first delay time
set to time t,. The threshold setting for the third decision
circuit may be maintained at the same threshold as the first
and second decision circuits. In this instance, the resulting O
value accounts for those pulses that have a higher chance of
being decoded correctly at third decision circuit 206-3 than
at the first decision circuit 206-1. The maximum Q value
shown 1n plot 403 1s 16.23 dB and occurs a third delay time
t, of about 31 psec.

With all three decision circuits turned on, the QQ of the first
decision circuit may then be recalculated. The delay time for
the second decision circuit 206-2 may be maintained at time
t,, and the delay time for the third decision circuit 206-3 may
be maintained at time t; With these settings, a maximum Q)
value of about 16.04 dB occurs at time t, of about 47 psec.

Plot 404 1n FIG. 4 illustrates the resulting combined
value for the multiple time decision circuit 200 when the
second and third decision circuits are maintained at decision
times t, and t;, respectively, and the decision time t; for the
first decision circuit 1s varied to times greater and less than
4’7 psec. Assuming a 5 psec window for uncertainty in the
delay time t,, the resulting Q value 1s about 16 dB for the
multiple time decision circuit 200 1n the example illustrated
in FIGS. 3 and 4. The improvement 1n the QQ value using
three decision circuits, as opposed to one, 1s thus about 2 dB
in for the illustrated example.

Advantageously, because the outputs of the decision cir-
cuits 1n a recerver consistent with the invention are provided
to a separate output decision circuit 220 that 1n one embodi-
ment may function as an OR gate, a digital one can be
decoded correctly by any one of the decision circuits. Pulse
signals representative of digital ones that were decoded
incorrectly at a first sample or delay time t, can be decoded
correctly at subsequent times, e.g. at a second delay time t,
or a third delay time t,. In addition, as will be understood by
those skilled in the art, the threshold level for the first
decision circuit 1n a multiple-time decision circuit can be
increased compared to employing only a single decision
circuit. Increasing this threshold level will allow more
pulses representative of digital zeroes to be decoded cor-
rectly.

The improvement 1n the QQ value suggests that the BER of
both ones and zeroes should be improved similarly. How-
ever, this may not be the case because an output decision
circuit 220 utilizing an OR gate functionality will output a
digital zero only 1f all mputs from the multiple decision
circuits at various times 1s a digital zero. Therelfore, the
multiple time decision circuit 200 may correct “wrong ones’™
but may incorrect “correct zeroes.”
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Because zeroes may be uncorrected, the BER should be
redefined. The BER for a single-time decision circuit
receiver may be described as:

BER=Y%BER(1)+¥4BER(0)=BER(1)=BER(0) (1)

where

BER(1)=%Pr(v<th)=Bit error rate for digital ones;

BER(0)=Y2Pr(v>th)=Bit error rate for digital zeros;

v=voltage level of the data signal; and

th=comparator threshold level for a single time decision
circuit

The definition of BER(0) may be updated from equation

(1) because an error 1 reading a logical zero will occur
whenever any error in any of the decision circuits occurs.

The new BER(O) definition for three decision circuits 206-1,
206-2, and 206-3 1s given as:

BERO)Y=2Pr(veth )+ YoPr(veth2 )+ 2Pr(vath3)

(2)

where
thl=threshold level for the first comparator circuit
th2=threshold level for the second comparator circuit
th3=threshold level for the third comparator circuit

Assuming that the zero rail pulse 1s flat 1n the range of
multiple decisions, and thl 1s associated with the smallest
value, then

BER(0)=(3)2Pr(v>thl) (3)

Theretfore, the net BER becomes:

BER=YBER(1)+(3)V2BER(0)=2BER(0)=2BER(1). (4)

The corresponding () value may thus be slightly less than
expected for a given data signal. For example, the embodi-
ment described with respect to FIGS. 3 and 4 will have a net
Q value of about 15.8 dB 1nstead of about 16 dB. This still
reflects an improvement of about 1.8 dB for compared to a
single-time decision receiver. This 1s because the multiple-
time decision circuit will correct more “wrong ones” than 1t
will icorrect “correct zeroes” by following the exemplary
steps for setting delay times and threshold levels for various
decision circuits. That 1s, the first decision circuit 206-1 1s
optimized at a first delay time t, and first threshold level th,
by keeping the other decision circuits ofl. Then a second
decision circuit 206-2 and a third decision circuit 206-3 are
optimized one by one for an overall improvement 1n the
value and BER. Those skilled 1n the art will recognize that
additional decision circuits could be similarly added depend-
ing on the particulars of the communication system and
level/type of distortion as illustrated 1n the eye diagram.

In another embodiment, a receiver consistent with the
invention may include an output decision circuit for apply-
ing a selected read strategy to the detector signals. In the
embodiment 1llustrated 1n FIG. 5, for example, a look-up
table 502 and controller 504 are provided in the output
decision circuit 220a. In general, the controller 504 may
determine an optimal read strategy for each recerved bit and
store the read strategy in the look-up table via control signal
521. The read strategy stored in the look-up table may be
queried by decision logic 508, which applies the read
strategy to the detector signals to provide a binary output
representative of the recerved bit stream. Those skilled 1n the
art will recognize a controller 504 consistent with the
present invention may be embodied 1n a varniety of devices,
such as a programmable logic device (PLD) or micropro-
cessor system. Also, 1t will be recognized that a look-up
table 502 may be embodied 1n variety of configurations, e.g.
as a controller-resident memory, a separate memory device,
etc.
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In the illustrated exemplary embodiment, an array of
detectors 503 such as decision circuits 206-1, 206-2,
206-3, . . . 206-» may be provided to read a transmitted data
signal received on line 210 at various voltage threshold
and/or timing levels within each bit interval. The output of
cach decision circuit, 1.e. detector signals 507, may be
provided as the mput to the output decision circuit 220a. The
output decision circuit 220q¢ may also include a first-in-
first-out (FIFO) bufler 510 and a sample and hold register
512 that, along with the look-up table 502, accept the

plurality of detector signals 507 from the plurality of detec-
tors 503.

The optimal read strategy may be to simply select the
output from one decision circuit or detector. Alternatively,
the best strategy may be to provide a binary output in
response to a logical combination of one or more of the
detector signals 507. As such, an output decision circuit
consistent with the mvention may apply a selected logic
function based on the outputs from each decision circuit or
detector to provide an output 522 representative of a binary
state of a receirved optical signal.

For instance, FIG. 6 illustrates exemplary approximate
voltage threshold and timing level placements that may be
utilized 1in an exemplary embodiment of a receiver consis-
tent with the present invention. The threshold and timing
placements are identified as points A—G, respectively, for
cach of seven decision circuits, e.g. circuits 206-1, 206-2,
206-3, 206-4, 206-5, 206-6, 206-7. The number of decision
circuits and the voltage threshold and timing levels of each
may be chosen by studying different classes of transmission
impairments. For instance, there may be three detectors set
to different voltage threshold levels, but set to sample at the
same time, as illustrated at points A, B, and C.

A portion of an exemplary received signal 600 represent-
ing an intended binary sequence of 1,1,0 1s illustrated. As
shown, the received signal 600 may sufler from degradation
due to a variety of factors that cannot be completely elimi-
nated. The center bit, defined by bit time periods illustrated
as vertical dotted lines, should be read as a binary one. If
only one decision circuit having a threshold level at point A
was utilized, it would misread the center bit as a digital zero.

The output values from the seven exemplary decision

circuits associated with thresholds at points A—G are 1llus-
trated 1n the Table 1.

TABLE 1
Threshold Level A B C D E b G
Read Value 0 0 1 1 1 0 0

The correct reading of “1” for the center bit could be derived
from a variety of decision circuits alone, e.g., the circuits
having thresholds at pomts C, D, and E which all read a
digital one, or a myriad of logical functions, e.g. OR, AND,
XOR, etc., applied to the read value of a combination of
decision circuits.

In order to decide which combination of decision circuit
outputs oflers the best-read strategy for a particular bit or bit
sequence, a look-up table 502 may be constructed and
derived from a learning process. To construct the look-up
table 502, a sequential binary teaching sequence of bits may
be added to a transmitted data frame. Successive data frame
structures 708 including a teaching bit sequence 706 con-
sistent with the imnvention are diagrammatically 1llustrated 1n
FIG. 7. Those skilled in the art will recognize a transmaitted
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data frame may include a frame alignment word 700 (FAW),
¢.g., a short sequence of unchanging bits, a number of utility
bits 702 for inter-station communication, and a system of
data and parity bits 704, as shown.

The training sequence of bits 706 added to the transmitted
data frames may represent a simple ascending binary
sequence, as illustrated 1n FIG. 7. Those skilled 1n the art
will recognize, however, that any chosen sequence of train-
ing bits may be utilized as long as the receiver knows what
to expect from each training bit sequence. The training bits
allow the controller 504 to establish an association between
a known bit or bit sequence and the way the plurality of
decision circuits 206-1, 206-2, 206-3 . . . 206-» interprets
that bit or bit sequence. From this information, the controller
504 may develop an optimal read strategy for such a bit or
sequence of bits and store such mformation in the look-up
table 502.

The controller 504 may communicate the read strategy to
the look-up table 502 via the control signal 521. In turn, the
look-up table may communicate with the decision logic
circuit 308 via a look-up control signal 523. The decision
logic circuit 508 may provide a selected logic function such
as OR, AND, XOR, etc based on instructions from the
look-up control signal 523. The logic state functionality may
be provided in the decision circuit by a wide variety of
configurations, €.g., by a programmed microprocessor, by
cascaded logic gates, etc. The application of the selected
logic function by the decision circuit 508 to the detector
signals output from the FIFO 510 provides an output signal
522 that 1s representative of a binary state of the received
optical signal.

Turning to FIG. 8, there 1s provided a simplified flow
chart of the operations of an exemplary controller 504. The
controller may receive a training strobe 802 from an FAW
detector and strobe 305 and from the sample and hold
register 512. The controller may then generate logical per-
mutations 706, e.g. OR, AND, XOR, etc based on these
detector levels. The controller may then compare a known
training sequence or pattern 708 with the logic permutations
to select the best logic strategy for each bit or sequence of
bits 712. The best logic statistics as a function of bit pattern
may then be tallied 716 and used to update the best logic
strategy 718 for the look-up table 502. As such, the best
logic strategy choices may then be periodically loaded,
according to counter 714, into the look-up table 502 for real
time use by the decision logic 508.

The embodiments that have been described herein, how-
ever, are but some of the several which utilize this invention
and are set forth here by way of illustration but not of
limitation. It 1s obvious that many other embodiments,
which will be readily apparent to those skilled 1n the art, may
be made without departing materially from the spirit and
scope of the invention.

What 1s claimed 1s:

1. An optical signal recerver for recerving an optical signal
comprising:

a plurality of threshold decision circuits configured to
receive an electrical signal representative of said opti-
cal signal, each of said threshold decision circuits being
configured to sample said electrical signal and to pro-
vide an associated threshold decision circuit output in
response to a comparison of said signal to an associated
threshold level; and

an output decision circuit configured to receirve each of
said threshold decision circuit outputs and output a
signal representative of a binary state of said optical
signal, wherein said output decision circuit i1s further
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configured to apply a selected logic function to said
threshold decision circuit outputs for providing said
signal representative of said binary state of said optical
signal, and wherein said output decision circuit com-
prises a controller and a look-up table, said controller
configured to receive said threshold decision circuit
outputs and provide an associated control signal rep-
resentative of said selected logic function to said look-
up table for storing data representative of said selected
logic function 1n said look-up table.

2. An optical receiver of claim 1, wherein said output
decision circuit 1s further configured to output a digital one
i at least one of said threshold decision circuit outputs 1s a
digital one.

3. A recerver according to claim 1, wherein said output
decision circuit comprises an OR gate, and wherein each of
said threshold decision circuit outputs 1s coupled to an
associated input of said OR gate.

4. A receiver according to claim 1, said receiver compris-
ing first, second, and third ones of said threshold decision
circuits.

5. A receiver according to claim 1, wherein each said
threshold decision circuit comprises an associated compara-
tor circuit for performing said comparison of said signal
with said associated threshold level.

6. A receiver according to claim 1, wherein said output
decision circuit 1s further configured to apply a selected
logic function to said threshold decision circuit outputs for
providing said signal representative of said binary state of
said optical signal.

7. A receiver according to claim 6, wherein said selected
logic function comprises selecting one of said associated
threshold decision circuit outputs.

8. A receiver according to claim 6, wherein said selected
logic function 1s selected from the group consisting of: OR,
AND, and XOR.

9. A receiver according to claim 1, wherein said output
decision circuit further comprises decision logic for receiv-
ing said threshold decision circuit outputs, said decision
logic being configured to apply said selected logic function
to said outputs 1n response to said data representative of said
selected logic function.

10. An optical signal recerver for receiving an optical
signal comprising:

a plurality of threshold decision circuits configured to
receive an electrical signal representative of said opti-
cal signal, each of said threshold decision circuits being
configured to sample said electrical signal and to pro-
vide an associated threshold decision circuit output in
response to a comparison of said signal to an associated
threshold level; and

an output decision circuit configured to receive each of
said threshold decision circuit outputs and output a
signal representative of a binary state of said optical
signal, wherein said output decision circuit 1s further
configured to apply a selected logic function to said
threshold decision circuit outputs for providing said
signal representative of said binary state of said optical
signal, and wherein said optical signal comprises a
predetermined teaching bit sequence, and wherein a
look-up table 1s constructed by adding said teaching bit
sequence with a transmitted data frame.

11. An optical communication system comprising:

a transmitter providing an optical signal on an optical
information channel; and

a recerver coupled to said optical information channel for
receiving said optical signal, said receiver comprising
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a plurality of threshold decision circuits configured to
receive an electrical signal representative of said opti-
cal signal, each of said threshold decision circuits being
configured to sample said electrical signal at a sample
time within a bit time period and to provide an asso-
ciated threshold decision circuit digital output 1n
response to a comparison of said sample of said signal
to an associated threshold level, wherein each of said
threshold decision circuits comprises an associated
delay element for establishing said sample time asso-
ciated therewith, and wherein at least some of said
threshold decision circuits are configured to sample
said electrical signal at different sample times within
said bit time period; and

an output decision circuit configured to receive each of

said threshold decision circuit digital outputs and out-
put a signal representative of a binary state of said
optical signal within said bit time period and wherein
said output decision circuit comprises a controller and
a look-up table, said controller configured to receive
said threshold decision circuit digital outputs and pro-
vide an associated control signal representative of said
selected logic function to said look-up table for storing,
data representative of said selected logic function 1n
said look-up table.

12. A system according to claim 11, wherein said output
decision circuit 1s further configured to output a digital one
i at least one of said threshold decision circuit digital
outputs 1s a digital one.

13. A system according to claim 11, wherein said output
decision circuit comprises an OR gate, and wherein each of
said threshold decision circuit digital outputs 1s coupled to
an associated mput of said OR gate.

14. A system according to claim 11, wherein said recerver
comprises first, second, and third ones of said threshold
decision circuits.

15. A system according to claam 11, wherein each said
threshold decision circuit comprises an associated compara-
tor circuit for performing said comparison of said signal
with said associated threshold level.

16. A system according to claim 11, wherein said output
decision circuit 1s further configured to apply a selected
logic function to said threshold decision circuit outputs for
providing said signal representative of said binary state of
said optical signal.

17. An optical communication system comprising:

a transmitter providing an optical signal on an optical

information channel; and

a recerver coupled to said optical information channel for

receiving said optical signal, said receiver comprising
a plurality of threshold decision circuits configured to
receive an electrical signal representative of said opti-
cal signal, each of said threshold decision circuits being
configured to sample said electrical signal and to pro-
vide an associated threshold decision circuit output 1n
response to a comparison of said signal to an associated
threshold level; and

an output decision circuit configured to receive each of

said threshold decision circuit outputs and output a
signal representative of a binary state of said optical
signal, wherein said output decision circuit i1s further
configured to apply a selected logic function to said
threshold decision circuit outputs for providing said
signal representative of said binary state of said optical
signal, and wherein said output decision circuit com-
prises a controller and a look-up table, said controller
configured to receive said threshold decision circuit
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outputs and provide an associated control signal rep-
resentative of said selected logic function to said look-
up table for storing data representative of said selected

logic function 1n said look-up table.

18. A system according to claim 17, wherein said output
decision circuit further comprises decision logic for receiv-
ing said threshold decision circuit outputs, said decision
logic being configured to apply said selected logic function
to said outputs 1n response to said data representative of said
selected logic function.

19. A system according to claim 17, wherein said selected
logic function comprises selecting one of said associated
threshold decision circuit outputs.

20. A system according to claim 17, wherein said selected
logic function 1s selected from the group consisting of: OR,
AND, and XOR.

21. An optical communication system comprising:

a transmitter providing an optical signal on an optical

information channel; and

a recerver coupled to said optical information channel for
receiving said optical signal, said receiver comprising
a plurality of threshold decision circuits configured to
receive an electrical signal representative of said opti-
cal signal, each of said threshold decision circuits being
configured to sample said electrical signal and to pro-
vide an associated threshold decision circuit output 1n
response to a comparison of said signal to an associated
threshold level; and

an output decision circuit configured to receive each of
said threshold decision circuit outputs and output a
signal representative of a binary state of said optical
signal, wherein said output decision circuit i1s further
configured to apply a selected logic function to said
threshold decision circuit outputs for providing said
signal representative of said binary state of said optical
signal,

and wherein said output decision circuit comprises a
controller and a look-up table, said controller config-
ured to receive said threshold decision circuit outputs
and provide an associated control signal representative
of said selected logic function to said look-up table for
storing data representative of said selected logic func-
tion 1n said look-up table.

22. The optical communication system according to claim

21, wherein

said output decision circuit 1s configured to receive each
of said threshold decision circuit outputs and output a
digital one 1f at least one of said threshold decision
circuit outputs 1s a digital one.

23. The optical communication system according to claim
21, wherein said output decision circuit comprises an OR
gate, and wherein each of said threshold decision circuit
outputs 1s coupled to an associated mput of said OR gate.

24. The optical communication system according to claim
21, wherein said controller further comprises a {first-in-
first-out butler.

25. The optical communication system according to claim
21, wherein each said threshold decision circuit comprises
an associated delay element for establishing said sample
time associated therewith.

26. The optical communication system according to claim
21, wherein each said threshold decision circuit comprises
an associated comparator circuit for performing said com-
parison of said signal with said associated threshold level.

27. An optical signal receiver for receiving an optical
signal comprising:

a plurality of threshold decision circuits configured to
receive an electrical signal representative of said opti-
cal signal, each of said threshold decision circuits being
configured to sample said electrical signal and to pro-
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vide an associated threshold decision circuit output 1n
response to a comparison of said signal to an associated
threshold level; and

an output decision circuit configured to receive said

associated threshold decision circuit outputs and apply
a selected logic function to said threshold decision
circuit outputs for providing an output signal represen-
tative of a binary state of said optical signal, said output
decision circuit comprising a controller and a look-up
table, said controller configured to receive said thresh-
old decision circuit outputs and provide an associated
control signal representative of said selected logic
function to said look-up table for storing data repre-
sentative of said selected logic function 1n said look-up
table.

28. A recerver according to claim 27, wherein said output
decision circuit further comprises decision logic for receiv-
ing said threshold decision circuit outputs, said decision
logic being configured to apply said selected logic function
to said outputs for providing said output signal representa-
tive of a binary state of said optical signal.

29. A recetver according to claim 27, wherein said
selected logic function comprises selecting one of said
associated threshold decision circuit outputs.

30. A receitver according to claim 27, wherein said
selected logic function 1s selected from the group consisting
of: OR, AND, and XOR.

31. A method of reconstructing a received data signal 1n
an optical communication system, said method comprising:

sampling said data signal at a plurality of sample times

within a bit time period;

providing a threshold decision digital output associated

with each of said sample times 1n response to a com-
parison of said data signal with an associated threshold
level; and

coupling each said threshold decision digital outputs to an

output decision circuit having a controller and a look-
up table, said controller configured to provide an asso-
ciated control signal representative of a selected logic
function to said look-up table for storing data repre-
sentative of said selected logic function 1n said look-up
table.

32. A method according to claim 31, wherein said output
decision circuit 1s configured to apply a logic function to said
threshold decision digital outputs for providing said output
signal.

33. A method according to claim 32, wherein said logic
function 1s an OR function.

34. A method according to claim 32 further comprising
the step of

comparing individual bits of a predetermined teaching bit

sequence with said threshold decision outputs for deter-
mining an optimal read strategy in response to said
teaching bit sequence.

35. A method according to claim 32, wherein

a first one of said sample times 1s established by adjusting

said first sample time until the error rate performance of
said system 1s optimized.

36. A method according to claim 335, wherein

a second one of said plurality of sample times 1s estab-
lished after said first sample time by adjusting a second
sampling time until the error rate performance of said
system 1s optimized.

37. A method according to claim 34, wherein a third one

of said plurality of sample times 1s established after said first

and second sample times by adjusting said third sample time
until the error rate performance of said system 1s optimized.
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